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Urease is a biocatalyst that serves to hydrolyze urea into ammonia and carbon dioxide. Since it is an imported 
product, the price of urea is still high. Urease can be found in grains. One of the grains that has not been explored 
for its urease content is durian (Durio zibethinus L.) seeds. This study aims to determine the effect of 
germination time on the activity of urease from durian seeds and its characteristics including the effect of pH, 
incubation temperature, enzymatic reaction time, addition of EDTA and metals, and storage time on the activity 
of urease from durian seeds. The first step of this study was seed germination which was carried out in the dark 
for 0, 3, 5, 7, and 9 days. Durian seed sprouts were extracted by mashing them using a mortar and pestle. They 
were then homogenized using a stirrer and centrifuged in a cold state. The crude urease extract obtained was then 
tested for its activity using the Nessler method. The acquired data was tested statistically using ANOVA. The 
results showed that the activity of urease from durian seeds was optimum at 3-day germination time, pH 7, 
incubation temperature at 30 °C, and 15-minute enzymatic reaction time with an activity of 163.6 U/mL. Urease 




 metal ions and its activator being Ba
2+ 
metal ion. 
Tukey's test analysis showed that the effect of urease storage time at 4 °C resulted in a stable urease activity for 8 
days while at room temperature it decreased its activity significantly to 72.8%. 
 






Urease is a biocatalyst that serves to 
hydrolyze urea into ammonia and carbon 
dioxide. It plays a role, among other things, to 
improve the quality of alcoholic beverages by 
lowering the level of urea, the precursor of 
carcinogenic ethyl carbamate (Liu et al.,  
2012), to detect heavy metals in milk (Kaur et 
al.,  2014), to be antifungal (Postal et al.,  
2012), in hemodialysis, and space missions to 
be life support (Iyer et al.,  2018).  
It is a protein that can be found in 
bacteria, molds and several higher plants (El-
hefnawy et al.,  2014) such as such as cereals 
and legumes (Modolo et al.,  2015). Various 
seeds have been isolated and produce urease 
such as Cicer arietinum L seeds (Pervin et al.,  
2013), Pisum Sativum L seeds (El-hefnawy et 
al.,  2014), Vigna unguiculata ssp unguiculata 
L. seeds (Zusfahair, et al.,  2018), Vigna 
unguiculata ssp sesquipedalis L. seeds 
(Zusfahair, et al.,  2018), and jackfruit seeds 
(Chouhan et al.,  2018). Durian seeds contain 
nutrients such as protein. Each durian seed 
contains 2.6 g / 100 mg protein (Nurfiana et 
al.,  2009). This makes durian seeds a potential 
source of enzymes, including urease. 
Indonesia’s production of durian is abundant, 
i.e., 1,133,195 tons in 2020 (BPS, 2021).  
The large amount of durian production 
results in increased number of its seeds. To 
prevent this abundant number of durian seeds 
from being wasted and polluting the 
environment, their utilization needs to be 
increased. One way of doing so is to use durian 
seeds as a source of urease. To obtain urease 
from durian seeds, they need to be extracted to 
figure out their characteristics first. In a 
previous study, the urease from durian seeds 
was extracted by grinding it using mortar and 
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pestle. It was then homogenized using a stirrer 
and centrifuged when it was cold to obtain 
crude urease extract. The crude extract was 
characterized in terms of the influence of pH, 
incubation temperature, enzymatic reaction 
time, addition of EDTA and metals, and 
enzyme storage time on the urease activity of 
durian seeds.  
 
2. MATERIALS AND METHODS 
Tools and Materials 
The tools used in this research are 
those commonly used in a biochemistry 
laboratory plus supporting tools such as 
centrifuge (Quantum), UV spectrophotometer 
(Shimadzu UV-1800), pH meter (Hanna 
Instrument), analytical balance (Ohaus), 
incubator (Memmert). As for the materials, 
they include local durian seeds purchased from 
durian farmers in Kemranjen District, 
Banyumas, distilled water, wrapping, urea 
(Merck), sulfuric acid (SmartLab Indonesia), 
citric acid (Merck), sodium citrate (Merck), 
NaH2PO4 (Merck), Na2HPO4 (Merck), tris 
base, HCl, ammonium sulfate (Merck), Na-
tungsten, AgCl, CuCl2, BaCl2, EDTA and 
Nessler’s reagent (Merck).  
 
Procedure 
Determining The Standard Curve of 
Ammonium Sulfate  
The calibration curves were made 
using standard solutions of ammonium sulfate 
at 20, 30, 40, 50, and 60 ppm concentrations. A 
total of 1.5 mL of standard solution and 1.5 
mL of distilled water as blanks were put into 
different cuvettes and 0.25 mL of Nessler’s 
reagent were added to each of them. Finally, 
the absorption was measured using a UV-Vis 
spectrophotometer at 500 nm wavelength 
(Zusfahair,  et al.,  2018).  
 
Determining Durian Seeds 
The durian seeds were determined at 
the Biology Faculty of Unsoed under an 
acceptance test letter number:  
127/HP.LL/V/2019. 
 
Extraction of Urease from Durian Seeds  
The extraction of urease from durian 
seeds began with a germination process as 
follows: The cleaned durian seeds were 
germinated by putting them into a container 
which contained wet cotton. The container was 
put into previously perforated black plastics 
and the germination was carried out in the dark 
for 0, 3, 5, 7, and 9 days. Next, the urease was 
extracted with the following steps: 20 g of 
germinated durian seeds were weighed and 
crushed using a mortar and pestle in a cold 
state. The finely crushed durian seeds were 
soaked in 80 mL of cold 0.2 M phosphate 
buffer solution pH 7 and homogenized using a 
stirrer for 3 hours. Using the stirrer, they were 
mixed in cold condition. The results were then 
centrifuged at 4 
o
C for 15 minutes at 12000 
rpm. The supernatant obtained was a crude 
extract of urease from durian seeds to be used 
for activity and characterization tests. The data 
from activity and characterization tests were 
collected three times (Zusfahair, et al.,  2018).  
 
Activity Test of Urease from Durian Seeds  
The activity test of urease from durian 
seeds was carried out by pipetting 1.95 mL of 
0.2 M phosphate buffer pH 7, 50 μL of crude 
extract of urease from durian seeds, and 1 mL 
of 1000 ppm urea solution as a substrate which 
was put into a test tube and homogenized. The 
solution was then incubated at 35 
o
C for 15 
minutes and then cooled down. Once it cooled 
down, 1 mL of H2 O  2/3 N solution and 1 
mL of 10% Na-tungsten solution were added 
to the solution to stop the enzyme activity. For 
the control treatment, the same order of 
solution sampling was repeated, i.e., by 
pipetting 2 mL of 0.2 M phosphate buffer pH 
7, 1 mL of H2 O  2/3 N solution, 1 mL of 
10% Na-tungsten solution, and 1 mL of 1000 
ppm urea solution as substrates were put into a 
test tube. Both the sample and control solutions 
were centrifuged to separate the precipitate. 1.5 
mL of the supernatant obtained was taken and 
250 L of Nessler's reagent was added and its 
absorption was immediately measured at 500 
nm wavelength using a UV-Vis 
spectrophotometer. The unit of urease enzyme 
activity was determined based on the equation; 
 
 
([s]  [ ]) x 5
 .5 x 0.05 x  5
        (1) 
 
Where: [s] = ammonia concentration in the 
sample; [k] = ammonia concentration in the 
control; 5 = total solution volume (mL); 1.5 = 
solution volume from hydrolysis whose 
absorbance was measured (mL); 0.05 = 
enzyme volume used (mL) and 15 = enzymatic 
reaction time (minutes). 
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The ammonia concentration was 
calculated using the equation formula for 
determining the standard curve of ammonium 
sulfate. One unit of urease enzyme activity is 
the amount of enzyme needed to release 1 
mmol of NH  from urea per minute under 
standard condition (Zusfahair, et al.,  2018). 
 
Characterization of Urease from Durian 
Seeds 
The urease from durian seeds was 
characterized by determining the optimum 
condition of an enzyme which include the 
influence of pH, incubation temperature, 
enzymatic reaction time, influence of EDTA 
and metal additions, and enzymatic storage 
time on the activity of urease from durian 
seeds. 
The urease activity was determined 
using the same mechanism as in the activity 
test. Each optimum condition obtained was 
used for further research. The influence of pH 
was figured out by varying 0.2 M pH buffer 
using citrate buffer pH 5, phosphate buffer pH 
6, phosphate buffer pH 7, phosphate buffer pH 
8, and tris HCl buffer pH 9; the temperatures 
were varied at 25, 30, 35, 40, and 45 
o
C; and 
the incubation times were varied for 5, 15, 25, 
35, 45, and 55 minutes. The influence of metal 
(CuCl2, NaCl, dan BaCl2) and EDTA variations 
on the activity of urease from durian seeds was 
figured out by adding the metal and EDTA 







Influence of Enzyme Storage on Activity of 
Urease from Durian Seeds  
  The urease was stored at 4 
o
C and 
room temperature for 0-10 days. Its activity 
was then determined under optimum condition 
and analyzed using Tukey Test (Bedan, 2020). 
 
Data Analysis 
The obtained research data were 
analyzed using one-way ANOVA statistically 
using IBM SPSS Statistics Version 25 to 
distinguish the repetition variations and 
differences between treatments. The fixed 
variables in this study were pH, incubation 
temperature, enzymatic reaction time, EDTA 
and metal addition, and storage time. The 
independent variable in this study was the 
urease enzyme activity. Each variable was 
analyzed using one factor ANOVA separately 
and in stages. The ANOVA results which 
showed significant differences were followed 
with Tukey test at 95% confidence.  
 
3. RESULTS AND DISCUSSION 
This research uses durian seeds as the 
source of urease. These durian seeds are 
determined first to ensure that its species is 
correct. The determination result showed that 
the durian seeds used belonged to the 
Bombacaceae family and Durio genus. The 
species name of the durian seeds used in this 
research was Durio zibethinus L. 
 
Making The Standard Curve of Ammonium 
Sulfate 
The standard curve was made to 
discover the correlation between standard 
solution concentration and its absorbance value 
to figure out the concentration of a sample. 
The standard used was ammonium sulfate 
solution. The ammonium sulfate solution was 
used as the standard solution since when 
solved in water ammonium sulfate would be 
ionized and produce two ammonium ions. The 
result of ammonium sulfate reaction in water 
was similar to the result of urea hydrolysis by 
urease which produced two ammonia 
molecules (Singh et al.,  2017). The two 
ammonia molecules formed when they were in 
water would be ionized into two ammonium 
ions (NH4
+
). Below is the occurring 
equilibrium reaction (Ambarsari et al.,  2020): 






The produced ammonium ions were 
detected using Nessler method and their 
absorbance was measured using 
spectrophotometer at a maximum wavelength 
of 500 nm. The Nessler method was proposed 
by J. Nessler in 1856 using a basic solution of 
mercury (II) iodide in potassium iodide 
(K2HgI4) as a reactant for determining 
ammonia colorimetrically (Patri, 2018). The 
principle of this method is based on the Nessler 
reactant (K2HgI4) which, when reacting with 
ammonia, would produce a yellow-brown 
colloidal dispersion. The intensity of the 
resulting color is directly proportional to the 
concentration of ammonium in the sample 
(Jeong et al.,  2013). The data on standard 
curve calculation can be seen in Figure 1.  




Figure 1. Standard curve of ammonium sulfate. 
 
 
The line equation obtained from the 
standard curve measurement is y = 0.0125x + 
0.0212 where a = 0.0212; b = 0.0125; and R
2
 = 
0.9947. The linear standard curve is expressed 
with correlation coefficient (r), r value is close 
to 1, indicating that the resulting regression 
equation is linear. Based on R
2
 value, the 
obtained r value is 0.9973, meaning that the 
standard curve of ammonium sulfate produces 
a strong linear response where every increase 
in concentration is directly proportional to an 
increase in absorbance.  
 
Influence of Germination Time on Activity 
of Urease from Durian Seeds 
Germination is the beginning of plant 
growth. It might be influenced by several 
factors, both internal and external ones. The 
internal factors include level of seed maturity, 
seed size, dormancy, and germination 
inhibition. The external factors include water, 
temperature, oxygen, and light (Sutopo, 2004). 
This germination process will produce urease 
enzyme which will be used to degrade the urea 
formed in the urea cycle. This urea cycle 
occurs because of the ammonia resulting from 
the degradation of amino acids (Modolo et al.,  
2015). 
The germination began with placing 
cleaned durian seeds on half-wet cotton. This 
is to prevent the durian seeds from drying out, 
rotting and undergoing an imbibition process. 
The germination durian seeds took place in the 
dark for 0, 3, 5, 7, and 9 days to prevent the 
performance of the auxin hormone from being 
disrupted by sunlight. The influence of durian seed 
germination time on the activity of urease from 
durian seeds can be seen in Figure 2. 
 
 
Figure 2. Influence of germination time of durian 
seeds on urease activity.  
 
 
The data in Figure 2 shows that urease 
activity is still low before the third day. This is 
because the seeds’ main food reserves are 
carbohydrates, fats and proteins. The first food 
reserves that can be broken down first into a 
source of energy is carbohydrate. Breaking 
down carbohydrate requires enzymes that can 
catalyze the breakdown, thus when the 
germination time is less than three days, not 
much urease is produced. When no 
carbohydrate is left, then fat and then protein 
will be used. Assisted by protease, protein will 
then be broken down into amino acids.  The 
amino acids are degraded to produce ammonia 
and it can activate the urea cycle to form urea. 
This will lead to urease activity which serves 
to hydrolyze the urea (Bahri & Mirzan, 2012). 
This stage makes urease production increase as 
characterized by the magnitude of the activity 
of urease from durian seeds on the 3rd day of 
germination at 149.9 U/mL. A decrease in 
urease activity occurred on the 5th, 7th, and 
9th days of germination. This is because the 
amount of urease produced is decreasing and 
the food reserves in the cotyledons are slowly 
starting to run out.  
 
Characterization of Urease from Durian 
Seeds 
Influence of pH Variations on Activity of 
Urease from Durian Seeds 
Data on influence of pH on urease 
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Figure 3. Influence of pH on activity of urease 
from durian seeds 
 
 
The data in Figure 3 indicates that the 
highest activity of urease from durian seeds is 
at pH 7. The urease activity value at pH 7 is 
149.9 unit/mL. The highest activity means that 
pH 7 is the optimum pH for urease from durian 
seeds. This optimum pH makes the enzyme 
conformation in a condition which suits the 
substrate, hence the enzyme and the substrate 
interact maximally to turn a enzyme-substrate 
complex into a product (Habibie et al.,  2014). 
The change in enzyme activity at varied pH is 
caused by the change in enzyme ionization, 
substrate or enzyme-substrate complex 
(Akhtaruzzaman et al.,  2012). 
The activity of urease from durian 
seeds is neutral at pH 7. Similar result is also 
obtained in the urease from some grains such 
as from Pisum Sativum L seeds which has 7.5 
pH optimum with 190 U/mL activity (El-
hefnawy et al.,  2014). The urease from Vigna 
unguiculata ssp sesquipedalis L. seeds has 7 
pH optimum with 407.62 U/mL activity value 
(Zusfahair, et al.,  2018). This pH optimum 
makes the enzyme conformation in a condition 
which suits the substrate, hence the enzyme 
and the substrate interact maximally to turn the 
enzyme-substrate complex into a product 
(Habibie et al.,  2014). 
The fact that some pH is below the 
neutral might disrupt the urease conformation, 
hence its activity decreases. The amino acid in 
the urease’s active site could be affected by the 
changes in reaction media pH which changes 
the active site’s amino acid ionization (Singh et al.,  
2017). 
Influence of Temperature Variation on 
Activity of Urease from Durian Seeds 
The data on the influence of 
temperature on the activity of urease from 
durian seeds can be seen in Figure 4. 
 
 
Figure 4. Influence of temperature on activity of 
urease from durian seeds 
 
 
Based on the data in Figure 4, the 
enzyme activity increases from 25 °C and 
reaches the optimum at 30 °C, i.e., 158.6 
U/mL. An increase in temperature from 25 °C 
to 30 °C (optimum temperature) will increase 
the enzyme reaction speed as the kinetic 
energy increases. The increased kinetic energy 
will increase the molecule movement, making 
the collision between enzyme and substrate 
molecules faster, thus resulting in equally 
faster reaction rate. Once the reaction rate is 
fast, the enzyme activity actively works and 
products increase. Meanwhile, any incubation 
temperature exceeding the optimum limit 
makes the enzyme molecule exceed the energy 
inhibitor and the hydrophobic and hydrogen 
bonds which plays a role in maintaining the 
enzyme functional structure break, leading to 
decreased activity (Singh et al.,  2017). 
According to Bano et al.,  (2011) any enzyme 
activity at 30 °C and above decreases, maybe 
because when the temperature increases the 
progressive enzyme inactivation occurs 
because of the protein thermal inactivation in 
its structure, or maybe because of the incorrect 
protein conformation, peptide chain hydrolysis, 
amino acid breakdown, or aggregation. 
The optimum temperature of urease 
from durian seeds has different characteristic 
from that of urease from Pissum sativum L. 
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40 °C optimum temperature with 190 U/mL 
activity (El-hefnawy et al.,  2014).  
 
Influence of Enzymatic Reaction Time on 
Activity of Urease from Durian Seeds 
The data on the influence of enzymatic 
reaction time on activity of urease from durian 
seeds can be seen in Figure 5. 
 
 
Figure 5.  Influence of enzymatic reaction time on 
activity of urease from durian seeds 
 
 
The data in Figure 5 shows that the 
highest activity is obtained after 15 minute of 
enzymatic reaction time at 163.6 U/mL. The 
highest activity shows that the 15-minute 
enzymatic reaction time is the optimum 
reaction time of urease enzyme from durian 
seeds. The urease from durian seeds catalyzes 
the reaction of urea into ammonia. The longer 
the enzymatic reaction time, the more 
ammonia is produced. The resulting ammonia 
is suspected to increase the reaction pH 
(Modolo et al.,  2015). This pH increase makes 
the enzyme activity decrease.  
 
Influence of metal and EDTA Ion 
Variations on Activity of Urease from 
Durian Seeds 
The result of determination of 
influence of metal and EDTA variations on the 
activity of urease from durian seeds can be 
seen in Figure 6. The data was calculated in 
the form of relative activity. The control shows 
that when no metal nor EDTA ion is added, the 
urease enzyme has relative activity 100%. The 
relative activity is enzyme activity when metal 
or EDTA is added at certain concentrations 
and divided by the enzyme activity with no 
metal nor EDTA addition. 
 
Figure 6. Influence of EDTA and metal on activity 
of urease from durian seeds 
 
 
The data in Figure 6 shows that 




 M concentrations 
decrease the urease activity. The inhibition 
effect on the enzyme activity increases 
parallelly with the increase in EDTA 
concentration. Pervin et al.,  (2013) suggest 
that adding EDTA to urease enzyme from 
Cicer arietinum L. seeds also decreases the 
urease activity. From the decreased urease 
activity resulting from EDTA addition, it can 
be concluded that the urease from durian seeds 
is a metalloenzyme. Metalloenzyme is an 
enzyme which has a strong bond with certain 
metal ions which can activate enzyme (Kumari 
et al.,  2013).  
The active site of urease contains a 
binuclear nickel center (Figure 7). The center 
of the nickel (II) ion is bridged by 
carbamylated lysine through its atom O, Ni(1) 
is then coordinated by two histidines through 
its atom N, and Ni(2) also by two histidines 
through its atom N and added by aspartic acid 
through its atom O. In addition, Ni ion is 
bridged by hydroxide (WB) ion, which 
together with two terminal water molecules, 
W1 in Ni(1), W2 in Ni(2), and W3 located the 
opening of the active site, forming a H-bonded 
water tetrahedral cluster, fulfill the active site 
cavity. It is this cluster which is replaced by 
urea when bonding to the active site for 
reaction (Krajewska, 2009). 
EDTA can lower enzyme activity by 
chelating metals which serve as activators in 
the enzyme. The activator metals in the 
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of the enzyme is bound by EDTA and 
produces a new complex. This leads to the 
removal of metal ions located at or near the 
active site of the enzyme, resulting in the 
decrease in enzyme activity (Pervin et al.,  
2013) (Tallapragada et al.,  2017). The 
magnesium and calcium salts are urease 
activators from Vicia faba L. (Bedan, 2020). 
 
 





Different salts, consisting of NaCl dan 
CuCl2, were tested to estimate their effect on 
urease activity. The addition of NaCl and 










the activity of urease from durian seeds. Some 
studies discuss the causes of decreased enzyme 
activity resulting from metals addition. 1) 
Metal ions can bind to catalytic residues at the 
enzyme’s active site, causing enzyme 
inactivation (Wu et al.,  2018). 2) The binding 
of copper ions disrupts the protein structure 
(Saboury, 2010). 3) Competition between 
exogenous cations and enzyme-related cations 
results in decreased metalloenzyme activity 
(Kiran et al.,  2018). From the decrease in 
urease enzyme activity resulting from NaCl 





 the metal ions deriving from the 
solution are inhibitors.  
The addition of  a l2 solution as a 
source of Ba
2+





concentration increases the urease enzyme 
activity. The lowest relative activity at 10
-7
 
concentration is 103.9% and highest relative 
activity at 10
-2
 concentration is 161.0%. 
(Pervin et al.,  2013) suggest that the addition 
of  a l2 solution to the enzyme urease from 
Cicer arietinum L. increases the urease 
enzyme activity. The research finds that the 
highest relative activity at 3 mM concentration 
is 113% and the lowest at 1 mM and 5 mM 
concentrations are 105% and 103%. From the 
increased urease enzyme activity resulting 
from the addition of       solution, it can be 
concluded that Ba
2+
 metal ion deriving from 
the solution is an activator. 
Urease is an enzyme that catalyzes the 
urea hydrolysis reaction. The reaction 
mechanism is assumed to be similar to that of 
the active site of urease (Figure 7), where urea 
binds the more electrophilic Ni(1) ion to its 
carbonyl oxygen atom. As the carbonyl carbon 
is more electrophilic, it is more susceptible to 
nucleophilic attack. After replacing the W1-
W3 water, the urea is further bound to Ni(2) 
through from one of its amino clusters. This 
binding is believed to facilitate the 
nucleophilic attack of water in the carbonyl 
carbon, then NH3 is released (Dixon et al.,  
1980). 
 
Influence of Enzyme Storage Variations on 
Activity of Urease from Durian Seeds 
The data from the determination of 
influence of storage time and storage 
temperature variations on the activity of urease 
from durian seeds can be seen in Figure 8.  
 
 
Figure 8. Influence of storage time at 4 °C and 




The influence of urease’s enzymatic 
storage time at 4 °C and room temperature on 
the activity of urease from durian seeds shows 
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°C on days 1-10 slightly decreases the enzyme 
activity, and at room temperature the decrease 
is significant. The data analysis of storage time 
at 4 °C and room temperature for 10 days is 
then followed by a test using one-way 
ANOVA with Tukey HSD Test. It is then 
found that the storage time at 4 °C and room 
temperature for 10 days influences the enzyme 
activity (p<0.05). 
The Tukey test shows that the storage 
time at 4 °C until the 8th day produces a stable 
enzyme activity, and at room temperature it 
produces significantly different enzyme 
activity. The storage at 4°C for 10 days, the 
urease from durian seeds can maintain its 
activity at 96% and at room temperature at 
72.8%. The data on 1st day storage is used as 
the standard (100%). From the fact that the 
enzyme activity decreases significantly, it can 
be concluded that the enzyme is better stored at 
4 °C than at room temperature. The urease 
from Vicia faba L stored at 4 °C can maintain 
the activity for 8 days and after that the activity 
decreases (Bedan, 2020). The urease from 
Pisum sativum L. seeds stored at 4 °C 
decreases the activity to 80% on the 10th day 
(El-hefnawy et al.,  2014). 
 
4. CONCLUSION 
Based on the research results, it can be 
concluded that: Urease is isolated from the 
germination process of durian seeds. The 
urease of durian seeds is characterized by its 
optimum enzyme activity at pH 7, 30 °C 
incubation temperature, and 15-minute 
enzymatic reaction time with activity value of 
163.6 U/mL. Urease has the character to be 
metalloenzyme since it experiences inhibition 
when added with EDTA. Ba
2+





 ions serve as 
inhibitors. The enzyme kept at 4°C has a stable 
activity, i.e., having activity of 97% for 8 days, 
and at room temperature it significantly 
decreases, i.e. having activity of 77%.  
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